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157) ABSTRACT

The presence of an operating helicopter within a given
field of view is remotely and passively monitored by
optically imaging the field of view at a focal surface,
using an infrared detector to produce an electrical sig-
nal. The electrical signal is filtered with a narrow pass-
band having a center frequency which is adjustable
over a range which spans the respective modulation
frequencies of characteristic infrared radiation emitted
by the rotating blades of each of a plurality of helicop-
ters of different type. Provision is made to indicate such
component of the electrical signal as survives the filter-

ing step.

8 Claims, 2 Drawing Sheets
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METHOD AND APPARATUS FOR THE
DETECTION OF HELICOPTERS

The invention relates to a method and apparatus for
the detection of helicopters at long range.

The early recognition of helicopters is important for
the crew of vehicles, especially armoured vehicles. For
the purpose of combating armoured vehicles, for exam-
ple, special defensive helicopters have been developed,
the early detection of which 1s of great importance for
the armoured vehicle.

The problem of the invention is to enable the ar-
moured vehicle crew to detect approaching helicopters
as early as possible.

This problem 1s solved according to the invention by
the fact that the modulated characteristic radiation,
caused by the turning of the helicopter rotor, of the
rotor blades and/or of the background radiation is fil-
tered out of the total radiation of the scene to be 0b-
served and is supplied to an indicator.

Modulation is brought about by variation during
revolution of the rotor of the rotor silhouette projected
in the direction of observation. If the rotor blades of a,
for example, twin-blade rotor are perpendicular to the
line of observation, the rotor face turned towards the
observer and, consequently, also the measured charac-
teristic radiation of the rotor is at maximum. In this case,
the detector receives a maximal signal. The part of the
background radiation nwasked by the rotor with a fixed
field of vision 1s, in this case, likewise at maximum and
a detector to receive the modulated background radia-
tion consequently receives a minimal signal. Upon rota-
tion of the rotor through 90° the radiated modulated
characteristic radiation of the rotor is at minimum,
while the background radiation reaching the observer is
at maximum. After further rotation of the rotor through
90° the rotor silhouette face pointing towards the ob-
server 1S again at maximum and after yet further rota-
tion through 90° again at minimum. The characteristic
radiation reaching the observer as well as the back-
ground radiation reaching the observer is therefore
modulated during rotation of the rotor with a frequency
which 1s equal to the product of rotor speed and number
of rotor blades and a factor G. The factor G has the
value 1 or 2, depending on whether the number of rotor
blades 1s even or odd.

Suitable apparatus for the detection of helicopters by
the method according to the invention is distinguished
by the fact that there are provided for the scene to be
observed imaging optics which form an image of the
scene on a detector, that a filter circuit is provided to
process the detector signal and that the filter circuit is
followed by a signal detector with the property of a
comparator, which supplies the signals caused by the
helicopter to an indicator.

Advantageously, the filter circuit has a band-filter
characteristic whose centre frequency is adjusted to the
modulating frequency of the helicopter to be detected.

The detector used for detection of the modulated
characteristic radiation of the rotor blades is an infra-
red detector in the 10 um range, while a photodetector
can be employed for detection of the modulated back-
ground radiation.

A preamplifier 1s advantageously connected after the
detector.

The filter circuit can be designed as an electronic
filter circuit working in an analogue manner, as an elec-
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tronic filter circuit working in a digital manner or as an
analogue-digital converter and at least one programmed
digital computer.

The band width of the filter circuit is small (i.e., nar-
row pass-band) and 1s adapted so as to allow for the fact
that the rotor speeds of helicopters vary only by a few
percent.

The signal detector with the property of a compara-
tor supplies to the indicator signals from a certain mini-
mum size—consequently, from a signal-to-noise ratio
given by the design of the circuit.

If the apparatus i1s to be capable of detecting more
than one type of helicopter, then a circuit sequence of
filter, signal detector and indicator must be connected
after the preamplifier for each modulating frequency to
be detected. |

In the case of filtering of signals by means of software
on a digital computer, several frequencies can be deter-
mined consecutively even in the so-called time-multi-
plex system by a single circuit sequence composed of
filter, signal detector and indicator.

In many cases, because of the signal-to-noise ratio it is
not possible to use only a single signal channel to moni-
tor a desired scene. Several signal channels must then be
provided to achieve the required total field of vision.
Their individual fields of vision can be joined to one
another without boundaries or can leave certain gaps. If
the time allowed for detection of the helicopter permits,
these gaps must then be covered by a suitable scanning
movement. Here, also, it 1s possible, instead of designing
in parallel the complete channels which comprise the
detector preamplifier, filter and indicator, to design in
parallel only the channel components comprising the
detector and preamplifier, in order to cover the desired
total field of vision, and to carry out modulation recog-
nition consecutively by means of a programmed digital
computer in the so-called time-multiplex system.

In further and advantageous forms of construction of
the invention the signals which come from the individ-
ual channels and contain information on the direction
and, if required, also on the modulating frequency and,
consequently, the type of helicopter located can be fed
to a fire control computer and be used to direct a suit-
able sighting and/or defensive means.

Another advantageous embodiment of the invention
provides the connection of an automatic alarm release
device to the signal detector.

An exemplary embodiment of the apparatus accord-
ing to the invention 1s described in detail hereinafter by
reference to the drawing wherein:

FIG. 11s a schematic illustration of an embodiment of
the apparatus according to the invention;

FIGS. 1q¢ and 16 are diagrams similar to FIG. 1, to
show further embodiments;

FIGS. 2a and 2b are similar representations of the
respective two extremes of helicopter-rotor aspect, as
they account for passively observed modulated radia-
tion, involved in use of the invention.

In FIG. 1 the scene to be observed is designated by
la. It 1s imaged by the optics 1 on a detector 2. The
preamplifier 3 is connected after the detector 2. The
output of the preamplifier 3 is connected to a filter
circuit 4. The filter circuit 4 is followed by a signal
detector 5 with the property of a comparator, which
supplies the signals from a certain minimum size to the
indicator 6 where they are displayed.

In FIG. 1, the knob 8 will be understood to suggest
adjustment means whereby the centre frequency of the
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band characteristic of filter means 4 may be adjusted to
the modulating frequency of the helicopter to be de-

tected.
In FIG. 1a, consecutive switch means 8 replaces the

adjustable means 8 of FIG. 1, to provide a time-multi-
plexed pattern of controlling the selection of centre
frequency at filter means 4, the successive centre fire-
quencies of such multiplexing being individually signifi-
cant for the detection of each of a plurality of different
types of helicopter.

In FIG. 1b, further filter means 4', signal-detector
means 5' and indicator means 6’ provide a second chan-
nel responsive to the output of preamplifier means 2,

with filter means 4’ adjusted to detect a different type of

helicopter than that for which filter means 4 is adjusted,
thereby providing separate indications at 6—6’, depend-
ing on the type or types of helicopters detected.

In the illustration of FIG. 2a the rotor blades 7 of a
twin-blade rotor are perpendicular to the line of obser-
vation. The rotor face turned towards the observer and,
consequently, the characteristic radiation of the rotor is
at maximum. In this position of the rotor blades the
background radiation is covered to a maximal degree,
hence the background radiation striking a detector is at
minimum in this case.

In the illustration of FIG. 2b the rotor has turned
through 90° in relation to the initial position showm in
FI1G. 2a. The rotor face turned towards the observer

and, consequently, also the characteristic radiation of

the rotor is at minimum, while the background radiation
is at maximum in this position of the rotor blades.

What is claimed is:

1. The method of remotely and passively detecting
the presence of an operating helicopter within a given
field of view, said method comprising the steps of:

(a) optically imaging said field at a focal surface;

(b) selecting a detector which will produce an electri-
cal-signal output in response to incident infrared
radiation; |

(¢) positioning said detector in said surface to thereb
monitor said field of view for emitted infrared
radiation, whereby said detector will produce an
electrical signal corresponding to such emitted
infrared radiation;

(d) filtering said electrical signal with a narrow pass-
band having a center frequency corresponding to
the modulation frequency of the characteristic
infrared radiation emitted by the rotating rotor
blades of a helicopter; and |

(e) providing an indication of such component of said
electrical signal as survives the filtering step.

2. The method of claim 1, in which the selected detec-
tor is responsive to infrared radiation in the 10 pm
range.

3. The method of remotely and passively detecting
the presence of an operating helicopter within a given
field of view, said method comprising the steps of:

(a) optically imaging said field at a focal surface;

(b) selecting a photo-detector which will produce an
electrical-signal output in response to incident radi-
ation;

(c) positioning said photo-detector in said surface to
thereby monitor said field of view for emitted
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background radiation, whereby said detector will
produce an electrical signal corresponding to such
emitted background radiation;

(d) filtering said electrical signal with a narrrow pass-

‘band having a center frequency corresponding to a
modulation frequency that is characteristic of mod-
ulation of background radiation by the rotating
rotor blades of a helicopter; and

(e) providing an indication of such component of said
electrical signal as survives the filtering step.

4. The method of claim 1 or claim 3, in which said
filtering step is one of a plurality of consecutive like
filtering steps, each of said filtering steps being at a
different center frequency corresponding to the modu-
lation frequency which is characteristic of radiation
modulation produced by rotating the rotor blades of a
different type of helicopter.

5. The method of claim 1 or claim 3, in which said
filtering step is one of a plurality of separate like concur-
rently performed filter steps, each of said filtering steps
being at a different center-frequency corresponding to
the modulation frequency which is characteristic of
radiation modulation produced by the rotating rotor
blades of a different type of helicopter.

6. Apparatus for passive detection of the presence of
an operating helicopter within a given field of view,
comprising optical means to image said field at a focal
surface, a radiation detector positioned in said surface
and producing an electrical-output signal in response to
incident radiation at said surface, a narrow pass-band
filter circuit connected to the electric-signal output of
said detector, said filter circuit having a center {re-
quency corresponding to a modulation frequency that is
characteristic of radiation modulation by the rotating
rotor blades of a helicopter, signal-detector means hav-
ing the property of a comparator and being connected
to the output of said filter circuit, and an indicator con-
nected to the output of said signal-detector means.

7. The apparatus of claim 6, wherein the center fre-
quency of said filter circuit is adjustable.

8. The method of remotely and passively detecting
the presence of an operating helicopter within a given
field of view, said method comprising the steps of:

(a) optically imaging said field at a focal surface;

(b) selecting a detector which will produce an electri-
cal-signal output in response to incident infrared
radiation;

(c) positioning said detector in said surface to thereby
monitor said field of view for emitted infrared
radiation, whereby said detector will produce an
electrical signal corresponding to such emitted
infrared radiation;

(d) filtering said electrical signal with a narrow pass-
band having a center frequency which is adjustable
over a range which spans the respective modula-
tion frequencies of characteristic infrared radiation
emitted by the rotating rotor blades of each of a
plurality of helicopters of differing type;

(e) providing an indication of the electrical-signal
portion which survives the filtering step; and

(f) adjusting the center frequency to a selected one of

said modulation frequencies.
* L * + ®
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